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Background: High levels of impulsivity, characteristics of addicted patients, are known to 
be important predictors of relapse. However, so far, little is known about the stability or vari- 
ability of two main components of impulsivity (delay discounting and decision-making). The 
present study examined the changes in impulsivity during the first week of an abstinence 
based, behavioral orientated inpatient treatment program. 

Method:Thirty-seven polysubstance dependent alcoholics completed the Delay Discount- 
ing Task (DDT), and the Iowa Gambling Task (IGT) using the original version with decks 
A'B'C'D', and an alternative version with decks K'L'M'N', for measuring decision-making, 
after 2 and 6 weeks of active treatment. 

Results: It was found that performances on the IGT changed during treatment while 
performances on the DDT did not (test-retest period: 4weeks). 

Conclusion: The results provide preliminary evidence that improvements in decision- 
making might be related to treatment effects. All patients followed a highly structured 
cognitive-behavioral treatment program, which might have enhanced their executive 
functioning (coping skills training). 
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INTRODUCTION 

Addictions are chronically relapsing disorders characterized by 
compulsions to seek and take alcohol and/or drugs, loss of control 
in limiting intake, emergence of negative states, and a motiva- 
tional withdrawal syndrome when access to the desired substance 
is prevented [e.g., (1, 2)]. A main element in this description, 
loss of control, involves a heightened impulsivity. The present 
study focuses on two manifestations of impulsive behavior: the 
inability to delay gratification, measured by the Delay Discount- 
ing Task [DDT; (3)], and a preference for risky decision-making, 
measured by the Iowa Gambling Task [IGT; (4)]. These elements 
are believed to be important in addiction [e.g., (5, 6)] and in 
relapse [e.g., (7-9)]. However, in spite of the assumed association 
between addiction and impulsivity, little is known about the sta- 
bility or variability of delay discounting and decision-making in 
addicted patients over time. 

In the past, both delay discounting and risky decision-making 
have been considered trait characteristics (i.e., individual specific, 
stable factors relatively independent of the environmental con- 
text). Consistent with this thought, only a few studies that used 
test-retest designs indicated that delay discounting was stable over 



time in healthy volunteers [e.g., (10-12)]. Studies in addicted 
patients were even fewer and less conclusive. While Takahashi 
et al. (13) found that DDT performances were stable over a 2- 
month period in abstinent alcoholics, Alfonso etal. (14) foundlGT 
improvements in abstinent outpatients enrolled in a treatment 
program that included goal management training and mindful- 
ness versus patients following Treatment as Usual (TAU) (test- 
retest period: 7 weeks). This last finding suggests that some impul- 
sivity measures might be subject to change in addicted patients and 
specifically might be a good target for behavioral interventions. 

The present pilot study was set up to explore changes of delay 
discounting and decision-making performances during the first 
weeks of an abstinence based, behavioral orientated inpatient 
treatment program. We focused on a sizeable group of polysub- 
stance dependent alcoholics (PSA), a category of patients that are 
increasingly prevalent within inpatient treatment settings. In addi- 
tion, this type of patients have been known to be highly impulsive 
and are characterized by severe performance deficits on behav- 
ioral decision-making tasks, i.e., DDT (3) and IGT (4). It has been 
shown that alterations in cognitive functions might occur soon 
after detoxification (15). Therefore, the tests and retests of DDT 
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and IGT were completed early in abstinence, after 2 and 6 weeks 
of active treatment. Various clinical measures and self- report mea- 
sures of impulsive personality were included to demonstrate the 
representativeness of our PSA group. 

Based upon the limited number of earlier test-retest studies, we 
hypothesized that DDT performances would remain stable and 
that IGT decision-making would be ameliorated by the treatment 
effects. 

MATERIALS AND METHODS 
PARTICIPANTS 

Eighty PSA consecutively enrolled in an addiction treatment pro- 
gram (Psychiatric Centre Breeders Alexianen, Boechout, Belgium) 
were asked to participate. Inclusion criteria were age (18-55) and 
lifetime dependence on three or more substances - Table 1 shows 
the patients substance use history, excluding caffeine and nicotine. 
Patients were excluded when they showed signs of lifetime psy- 
chotic disorders (sources: clinical psychiatric interview, Structured 
Clinical Interview for DSM disorders), had a history of prolonged 
coma or brain lesions, or low IQ (less than 80 - source: National 
Adult Reading Test). Two patients refused to participate and 19 left 
the addiction ward before baseline measures could be taken. Of the 
remaining 59 PSA, 20 left the addiction ward before administering 
the retests. Two patients were further excluded since their DDT 
data were unreliable. The flow chart can be found in Figure 1. 



Table 1 | Alcohol and drug use. 


Age of 


Years of Range 


onset 


substance 




use 



Alcohol (n = 31) 19.45±5.74 11.48±6.96 1-7.5 1 (daily) 

Cocaine (n = 21) 23.67±7.41 5.95±4.03 0,5-70 g (weekly) 

Amphetamines {n = 26) 18.96±5.25 7.19±4.96 1-30 g (weekly) 

Cannabis (n = 29) 17.00±4.65 11.79 ±7.43 5-25 g (weekly) 

MDMA (n = 24) 20.25±6.88 5.38±4.14 5-30 tablets (weekly) 

Patients used on average 4.89±2.01 substances. Substances are mentioned 
when at least half of the group abuses them. 



Baseline measures were also obtained from 31 healthy controls 
(HC) without signs of lifetime psychiatric disorders. 

PROCEDURE 

Polysubstance dependent alcoholics followed an inpatient, special- 
ized, abstinence based addiction treatment program. An intensive, 
highly structured 8-week treatment program (group cognitive- 
behavioral therapy, motivational enhancement therapy, coping 
skills training, and stress management) followed a 2-week detoxi- 
fication and diagnostic period. With the exception of withdrawal 
from pharmacotherapy (for a maximum of 10 days), the use 
of psychoactive medication was strictly limited. Abstinence was 
monitored using urine screening and breath analysis. Baseline 
measurement of impulsivity took place after detoxification (min- 
imum controlled abstinence: 2 weeks) and retesting after 4 weeks 
of active treatment. HC completed baseline measurement of 
delay discounting and decision-making. The local ethical com- 
mittee approved the study, and all participants provided informed 
consent. 

Polysubstance dependent alcoholics completed the DDT and 
IGT as a part of a longitudinal outcome study examining the 
predicted value of different variables on relapse. The current 
test-retest data have not been previously reported. 

SETTINGS AND MATERIALS 

- Substance use measures 

- The European version of the Addiction Severity Index [EuropASI; 
(16)] was used to assess PSAs substance use 30 days preceding 
the treatment entrance. 

- Self-report measures of impulsive personality 

- The Barratt Impulsiveness Scale (BIS) (17), a self-report ques- 
tionnaire (30 items), measured total, attentional, motor, and 
non-planning aspects of trait impulsivity. 

- The Sensitivity to Punishment and Sensitivity to Reward Ques- 
tionnaires (SPSRQ) (18) measured personality traits associated 
with the behavioral activation or appetitive system (sensitivity 
to reward) and the behavioral inhibition system (sensitivity to 
punishment). 

- Cognitive measures of impulsivity 

- Delay Discounting Task [ computerized version, (3 ) ] . Participants 
answered 100 questions, such as the following: "Would you 
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FIGURE 1 | Flow chart. Addict: substance use measures (European Addiction 
Severity Index) - Memory (Rey Auditory Verbal Learning Test) - Intellect 
(Raven Progressive Matrices) - Neurocogn: neurocognitive measures (Iowa 



Gambling Task - Delay Discounting Task) - Imp pers: impulsive personality 
(Barratt Impulsiveness Scale - Sensitivity to Punishment and Sensitivity to 
Reward Questionnaires). PSA, polysubstance dependent alcoholics. 
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rather have IOC in 30 days or 2€ now?" A random adjusting 
amount procedure was used, so that the amount of immedi- 
ate money was adjusted across trials until reaching an amount 
equivalent to a delayed reward, as determined by the partic- 
ipant's choice. These indifference points were determined for 
all reward values (10€, 30€, 100€) and delays (2, 30, 180, 360, 
720 days) . Outcome measures were the mean logarithms of these 
delays for k at 10€, 30€, and 100€. 
- MB' CD' and K'L'M'N' versions of the Iowa Gambling Task 
[IGT, (4)]. In both tasks, participants were instructed to select 
cards from four decks (A'B'C'D' or K'L'M'N') to earn as much 
money as possible. Unknown to them, card selections came 
with different pay-offs: good decks led to net gains (modest 
wins - small losses) and bad decks to net losses (large wins - 
larger losses) . Outcome measures were mathematical differences 
between the number of cards picked from the advantageous 
decks and the number of cards picked from the disadvanta- 
geous decks calculated for blocks of 20 cards. In addition, the 
net IGT score was calculated as the sum of the results over the 
five blocks. 

The principles of the alternative IGT version (with decks 
K'L'M'N') are identical to the original task (with decks 
A'B'C'D') except for one key change. In the original version 
the advantageous decks (C and D') yield smaller immediate 
rewards than the disadvantageous decks (A' and B') 100% of 
the time. This percentage is reduced to 70% in the alternative 
version, so that 30% of the time, the advantageous decks yield 
rewards that resemble the average reward of the disadvantageous 
decks, and 30% of the time the disadvantageous decks yield 
rewards that resemble the average of the advantageous decks. 
This change circumvents the problem of improved performance 
due to repeated use in retest situations, when participants have 
experience with the original IGT and discover the rules of the 
task [e.g., (19)]. Upon learning the original IGT rules, a simple 
heuristic to succeed would be to avoid decks with higher initial 
gains. Therefore, in this IGT manipulation, 3 out of 1 0 cards from 
each deck would yield a gain that would contradict this simple 
heuristic. The net score of the alternative version is obtained by 
subtracting the total number of selections from the disadvanta- 
geous decks (L' + N') from the total number selections from the 
advantageous decks (K' + M'). Evidence shows that normal sub- 
jects show similar scores to the original version when re-tested 
on the alternative version, i.e., no improved performance as a 
result of repeated use (19). 

DATA ANALYSIS 

Analyses of variance, following a General Linear Model proce- 
dure (GLM), were used to analyze DDT (within-subjects factors: 
test-retest and amount) and IGT performances (within-subjects 
factors: test-retest and block). Pearson correlation was used to 
explore the relation between clinical variables and IGT and DDT 
performances. 

RESULTS 

DROPOUTS VERSUS N0N-DR0P0UTS 

Sociodemographic and substance use variables did not differ 
between groups [age: f(55) = 1.417; p = 0.162 - age of onset: 



t (55) = 1.409; p = 0.165 - years of substance use: f(55) = 1.414; 
p = 0.163 - EuropASI_Alcohol: f(55) = 0.026; p = 0.980 - 
EuropASI_Drugs: f(55) = —0.577; p = 0.566]. Dropouts however 
were less impulsive on the BIS than non-dropouts [BIS_Attention: 
F(l, 55) = 4.722; p = 0.034 - BIS_Motor: F(l, 55) = 2.151; 
p = 0.148 - BIS_Nonplanning: F(l, 55) = 4.564; p = 0.037 - 
BIS_Total: F(l, 55) = 6.463; p = 0.014]. Analyses of variance 
with Group (dropouts, non-dropouts) as between-subjects fac- 
tor indicated that there were no differences on cognitive mea- 
sures of impulsivity. GLM repeated measures analyses of variance 
with block (1-5) as within-subjects factor revealed that the IGT 
performances did not differ between groups F(l, 55) = 0.180; 
p = 0.673). There was a significant block effect [F(4, 52) = 3.477; 
p = 0.009], but no significant group x block interaction effect 
[F(4, 52) = 0.295; p = 0.881]. GLM repeated measures analyses of 
variance with amount (10€, 30€, and 100€) as within-subjects 
factor showed that DDT performances were similar between 
dropouts and non-dropouts [F(l, 55) = 0.345; p = 0.906] . There 
was a significant amount effect [F(2, 54) = 4.496; p = 0.013], but 
no significant group x amount interaction effect [F{2, 54) = 2. 
178; p = 0.118]. Correlation analyses between time to drop out 
and self-report measures of impulsive personality on the one hand 
and cognitive measures of impulsivity on the other were weak and 
non-significant (range: —0.394-0.364). 

DESCRIPTIVE MEASURES 

Sociodemographic variables did not differ between groups. PSA 
had more impulsive personality traits on both the BIS and the 
SPSRQ than did HC (Table 2). 

COGNITIVE MEASURES OF IMPULSIVITY 

Analyses of variance with Group (PSA, HC) as between-subjects 
factor indicated that PSA scored worse on both delay discounting 
and risky decision-making compared to HC (Table 2). 

Iowa gambling task 

General Linear Model procedure repeated measures analyses of 
variance with test-retest (2 and 6 weeks of abstinence) and block ( 1 
to 5) as within-subjects factors revealed that the IGT performances 
changed from test to retest [F(l, 36) = 4.768; p = 0.036], and 
changed over blocks [F{4, 33) = 4.069; p = 0.004]. There was no 
significant test-retest x block interaction effect [F(4, 33) = 0.093; 
p = 0.984] (Figure 2). In addition, the IGT net score increased 
from 2.27 (baseline) to 15.41 (retest). 

Delay discounting task 

General Linear Model procedure repeated measures analyses of 
variance with test-retest and amount (10C, 30€, and 100€) as 
within-subjects factors showed that DDT performances were sta- 
ble from test to retest [F( 1,36) = 0.321; p = 0.575]. Amount [F(2, 
35) = 2.407; p = 0.105] or test-retest x amount interaction [F(2, 
35) = 0.216; p = 0.807] effects were not significant. 

CORRELATIONS 

Iowa gambling task net scores did not correlate [r = 0.25; 
p = 0.133] while test and retest DDT scores showed medium to 
high correlations [r = 0.32 (p = 0.056) up to 0.89 (p<0.001)]. 
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Table 2 | Sociodemographic, self-report measures of impulsive personality, and cognitive measures of impulsivity (PSA, n = 37 - HC, n = 31). 





PSA(n = 37) 
week 3 




PSA(n = 
week 7 


37) 


HC(n = 31 


I 


p-Value PSA 
week 3 versus HC 










Percent 








Gender 


29d- 


8? 






2T<S 


4? 


0.321 




Mean 


SD 


Mean 


SD 


Mean 


SD 




Age 


31.61 


6.87 






28.06 


7.79 


0.052 


Age of onset 


15.78 


4.00 












Years of substance use 


14.33 


5.82 












EuropASI_Alcohol 


4.73 


2.79 












EuropASLDrug 


5.30 


1.70 












BIS 














<0.001 


BIS_Attention 


19.03 


4.39 






14.83 


3.77 




BIS_Motor 


26.22 


4.70 






18.63 


2.93 




BIS_NonPlanning 


31.62 


4.23 






20.73 


4.29 




BIS_Total 


76.86 


10.59 






54.13 


9.04 




SPSRQ 














0.035 


SPSRQ_SR 


12.51 


6.69 






11.25 


5.90 




SPSRQ_SP 


13.03 


4.30 






10.36 


3.74 




IGT 














0.008 


IGT_Block 1 


-2.70 


8.22 


0.78 


7.78 


-2.19 


8.40 




IGT_Block 2 


1.68 


9.09 


4.54 


8.06 


4.39 


9.68 




IGT_Block 3 


2.32 


10.33 


4.27 


9.20 


6.13 


9.48 




IGT_Block 4 


0.97 


9.82 


3.59 


10.27 


5.65 


9.38 




IGT_Block 5 


0.00 


9.47 


2.22 


10.28 


8.58 


10.34 




DDT 














0.013 


Log_k_10 


-1.51 


0.79 


-1.51 


0.74 


-1.77 


0.59 




Log_k_30 


-1.57 


0.72 


-1.54 


0.80 


-2.00 


0.54 




Log_k_100 


-1.63 


1.00 


-1.68 


0.97 


-2.19 


0.77 





Substance use measures (PSA, n= 37). EuropASI, European Version of the Addiction Severity Index; BIS, Baratt Impulsiveness Scale; SPSRQ_SR, the Sensitivity to 
Reward Questionnaire of the Sensitivity to Punishment and Sensitivity to Reward Questionnaires; SPSRQ_SP the Sensitivity to Punishment Questionnaire of the 
Sensitivity to Punishment and Sensitivity to Reward Questionnaires; IGT Iowa Gambling Task; DDT Delay Discounting Task. 




FIGURE 2 | Test and retest of the Iowa Gambling Task (PSA, n = 37). 



Correlations between IGT and DDT performances were not 
significant. Correlations of cognitive measures of impulsivity 
and sociodemographic with substance use variables including 
the duration of abstinence, were weak and non-significant. As 



expected, age correlated strongly with substance use duration 
[r = 0.63; p< 0.001] (Table 3). 

DISCUSSION 

The main finding of the present study was that decision- 
making, but not delay discounting, improved in PSA dur- 
ing behavioral inpatient treatment. PSA improved on the IGT 
while their DDT performances remained stable over time. This 
demonstrated improvement in IGT performances is conserva- 
tive because in normal population the scores on the alternative 
version are similar to, and even slightly worse than the origi- 
nal IGT scores, due to the increased difficulty of the alterna- 
tive task, which offsets any improvement in performance due to 
repeated use (19). Therefore, the improved IGT performances 
of PSA is significant and cannot be accounted for by practice 
alone. 

The improvement of IGT performances in our inpatient PSA 
group occurred early in abstinence, after 4 weeks of therapy. Before 
considering possible consequences of this new finding for clinical 
practice, we will first discuss two alternative explanations of this 
result. 
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Table 3 | Correlations between neurocognitive measures and other important measures. 



Age Age of Duration Abstinence IGT IGT 2 Logk_10_1 Logk_30_1 Logk_100_1 Logk_10_2 Logk_30_2 Logk_100_2 
onset 



Ana 1 

Aye I 


U.Z / U.Do — U.ZD 


U.UO 


— u.uy 


U.UO 


U.Uo 


n 1 q 
u. i y 


— U. I D 


— U. I 


n 17 

— U. I / 


Age of onset 


I — U.Zo —U.Uo 


U. lo 


U. I I 


U.zz 


U.zU 


n oq 

U.ZO 


— U. I I 


n oq 
— U.Uo 


— U.Uo 


Duration 


1 -0.22 


-0.03 


-0.07 


-0.17 


-0.39* 


-0.26 


-0.07 


-0.18 


-0.19 


Abstinence 


1 


-0.07 


0.28 


0.15 


0.06 


0.09 


0.18 


0.15 


0.10 


IGT 




1 


0.25 


-0.08 


-0.16 


-0.21 


-0.09 


-0.01 


0.01 


IGT 2 






1 


0.13 


-0.09 


0.11 


-0.24 


0.04 


-0.08 


Logk_10_1 








1 


0.75** 


0.83** 


0.43* 


0.42* 


0.41* 


Logk_30_1 










1 


0.82** 


0.52** 


0.50** 


0.54* 


Logk_100_1 












1 


0.32 


0.40* 


0.41* 


Logk_10_2 














1 


0.81** 


0.87* 


Logk_30_2 
















1 


0.89* 



Logk_100_2 1 



Duration, years of substance dependence; Abstinence, days of abstinence; iGT, Iowa Gambling Task net score after 2 weeks of treatment; IGT 2, Iowa Gambling 
Tasks net scores after 6 weeks of treatment; logk_ 10/30/100_ 1, outcome measures Delay Discounting Task after 2 weeks of treatment; logk_ 10/30/100_2, outcome 
measures Delay Discounting Task after 6 weeks of treatment. The numbers in bold show the significant correlations (*p< 0.050; **p< 0.005). 



First, and as indicated earlier, better IGT performances at retest 
might be the result of a learning effect due to practice (or repeated 
use). This would imply that all subjects who complete a retest 
would show similar improvements. This explanation needs to be 
considered because in the present study, our design did not include 
a retest of the HC group. However, the IGT version used at retest 
(alternative version) was more difficult than the version used at 
baseline (original version), and in normal individuals, the scores 
on the alternative version are equal and even slightly worse than 
the scores on the original version, as shown in a recent normative 
study using these two versions of the IGT (19). This suggests that 
the alternative IGT version is insensitive to practice, and that the 
improved performances detected in PSA is due to treatment, and 
not practice alone. 

A second alternative explanation is that the improvement might 
result from a process of natural recovery due to protracted absti- 
nence. Indeed, it has been shown that (neuro)cognitive deteri- 
orations following alcoholism or drug dependence withdrawal 
improved once substance use stopped [e.g., (20-22)]. However, 
research on the correlation between IGT performances and absti- 
nence duration is inconclusive. Zhang et al. (23) for instance found 
that abstinence duration correlated with the IGT task (heroin 
dependent patients) while Verdejo-Garcia et al. (24) did not (poly- 
substance abusers). In addition, Fein et al. (25) showed severe IGT 
performances in long-term abstinent alcohol dependent patients. 
In the current study no significant correlation was found between 
abstinence duration and both IGT performances, indicating that 
natural recovery was unlikely. 

A final and in our view also plausible hypothesis is in agree- 
ment with the position taken by Alfonso et al. ( 14) who suggested 
that treatment effects were responsible for the improvement in 
IGT performances because improvement was observed only in 
a group that participated in additional goal management train- 
ing combined with mindfulness. The interactive goal manage- 
ment training was designed to improve executive coping, known 
to be important in decision-making, as measured by the IGT. 



Our patients might also have benefited from a highly structured 
cognitive-behavioral treatment program that focused on different 
coping strategies (e.g., planning, self-control, stress management, 
and relapse prevention). 

In the current study, DDT performances did not change dur- 
ing inpatient treatment. This is consistent with previous research 
results (10, 11, 13). It suggests that delay discounting, apart from 
risk discounting, might be more of a personality trait. Alterna- 
tively, it might be that delay discounting is more important to the 
initiation of the addiction process (vulnerability factor) and less 
important to the latter stages of the addiction process and relapse. 

Taken together, the results of our study provide further sup- 
port to the hypothesis that decision-making might be variable. 
Reasons explaining the improvement remain to be explored. The 
effect might be due to practice (learning effect), natural recovery 
of the brain, treatment, and or interaction effects. Furthermore, 
it needs to be noted that the improvements in IGT performances 
in our study were substantial. The mean IGT net score changed 
from 2.27 to 15.41. A criterion net score of 10 was earlier used to 
define impairment (9, 26). This is of importance given the central 
role that impairments in decision-making may play in reducing 
the chances on recovery and abstinence. Indeed, an increasing 
number of studies reveal a close association between decision- 
making impairments and the risk on relapse (7, 9). Previously, 
several attempts have been made to enhance decision-making 
using pharmacological interventions. However, up to now results 
are inconsistent (27-29). The possibility of using psychosocial 
interventions may open a new window in developing new, more 
specific interventions. Our patients might also have benefited from 
a highly structured cognitive-behavioral treatment program that 
focused on different coping strategies (e.g., planning, self-control, 
stress management, and relapse prevention). 

A main limitation of this study was the high percent- 
age of dropouts, which is common for this type of research. 
Post hoc analyses showed that dropouts did not differ from 
non-dropouts in sociodemographic variables, addiction variables, 
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delay discounting, and risky decision-making. Dropouts however 
showed less impulsivity than non-dropouts on measures of impul- 
sive personality. These findings suggest that the remaining group 
was representative for a highly impulsive sample of PSA, indicat- 
ing that this group might improve on IGT performances. A further 
limitation was the lack of control groups. Our findings cannot dif- 
ferentiate whether the improvements found are the consequence 
of therapy, abstinence, or their combination. To elucidate the pos- 
sibility of natural recovery, i.e., sole effects of abstinence, future 
research should include abstinent PSA without formal treatment. 
However, within clinical settings this might prove to be difficult. 
Future research might reflect on including other settings such as 
prison-incarcerated individuals. Within the context of the causal- 
ity question, the Alfonso et al. ( 1 4) data remain important showing 
that PSA without formal treatment showed less improvement on 
the IGT than PSA with formal treatment. Another limitation of 
this study is the relatively short period of treatment (week 7 of 
treatment) at which the patients were re-tested. However, the 
fact that within this short time frame we could find a significant 



improvement might suggest a powerful effect. It can be hypothe- 
sized that longer treatment periods would have allowed for even 
more substantial improvements. However the current study also 
possesses some important strengths, which include the selection 
of a sizeable, clinically relevant patient sample, and the close 
monitoring of abstinence (urine screening and breathalyzer) with 
respect to alcohol, illegal drug, or other psychoactive medication 
use during a highly structured inpatient treatment program. 

CONCLUSION 

Our finding that decision-making within inpatient PSA improved 
to normal values after 4 weeks of structured treatment is new 
and should be further explored. However our study does not 
allow making formal conclusions concerning causality. Indeed, 
we cannot exclude other factors, e.g., abstinence are (partially) 
responsible for the improvements found. Future research needs to 
include a control group, i.e., abstinent patients without therapy, to 
allow examination of the effects of treatment, abstinence periods, 
and their interaction. 



REFERENCES 

1. American Psychiatric Association. 
Diagnostic and Statistical Manual 
of Mental Disorders. 4th ed. Wash- 
ington, DC: American Psychiatric 
Association (2000). 

2. Koob GF, Le Moal M. Drug abuse: 
hedonic homeostatic dysregulation. 
Science (1997) 278:52-8. doi:10. 
1126/science.278.5335.52 

3. Richards JB, Zhang L, Mitchell SH, 
De Wit H. Delay or probability dis- 
counting in a model of impulsive 
behavior: effect of alcohol. / Exp 
AnalBehav (1999) 71:121-43. doi: 
10.1901/jeab.l999.71-121 

4. Bechara A, Damasio AR, Dama- 
sio H, Anderson SW. Insensitivity 
to future consequences following 
damage to human prefrontal cor- 
tex. Cognition (1994) 50:7-15. doi: 
10.1016/0010-0277(94)90018-3 

5. Koob GF, Volkow ND. Neuro- 
circuitry of addiction. Neuropsy- 
chopharmacology (2010) 35:217-38. 
doi:10.1038/npp.2009.110 

6. Verdejo- Garcia A, Lawrence AJ, 
Clark L. Impulsivity as a vulnerabil- 
ity marker for substance-use disor- 
ders: review of findings from high- 
risk research, problem gamblers and 
genetic association studies. Neu- 
rosci Biobehav Rev (2008) 32:777- 
810. doi:10.1016/j.neubiorev.2007. 
11.003 

7. Bowden-Jones H, McPhillips M, 
Rogers R, Hutton S, Joyce E. 
Risk-taking on tests sensitive to 
ventromedial prefrontal cortex 
dysfunction predicts early relapse in 
alcohol dependency: a pilot study. 
/ Neuropsychiatry Clin Neurosci 
(2005) 17:417-20. doi:10.1176/ 
appi.neuropsych. 1 7.3.417 



8. De Wilde B, Verdejo-Garcia A, Sabbe 
B, Hulstijn W, Dom G. Affective 
decision-making is predictive of 
three-month relapse in polysub- 
stance dependent alcoholics. Eur 
Addict Res (2013) 19:21-8. doi: 10. 
1159/000339290 

9. Passetti F, Clark L, Mehta MA, 
Joyce E, King M. Neuropsycholog- 
ical predictors of clinical outcome 
in opiate addiction. Drug Alcohol 
Depend (2008) 94:82-91. doi: 10. 
1016/j.drugalcdep.2007.10.008 

10. Kirby KN. One-year temporal sta- 
bility of delay-discount rates. Psy- 
chon Bull Rev (2009) 16:457-62. 
doi:10.3758/PBR.16.3.457 

11. Weatherly JN, Derenne A, Ter- 
rell HK. Testing the reliabil- 
ity of delay discounting of ten 
commodities using the fill-in- the- 
blank method. Psychol Rec (2011) 
61:113-26. 

12. White TL, Lejuez CW, de Wit 
H. Test-retest characteristics of 
the Balloon Analogue Risk Task 
(BART). Exp Clin Psychopharmacol 
(2008) 16:565-70. doi:10.1037/ 
aOO 14083 

1 3. Takahashi T, Furukawa A, Miyakawa 
T, Maesato H, Higuchi S. Two- 
month stability of hyperbolic dis- 
count rates for delayed monetary 
gains in abstinent inpatient alco- 
holics. Neuro Endocrinol Lett (2007) 
28:101-6. 

14. Alfonso P, Caracuel A, Delgado- 
Pastor LC, Verdejo-Garcia A. 
Combined goal management 
training and mindfulness medita- 
tion improve executive functions 
and decision-making perfor- 
mance in abstinent polysubstance 
abusers. Drug Alcohol Depend 



(2011) 117:78-81. doi: 10.1016/j. 
drugalcdep.2010.12.025 

15. Medina KL, Shear PK, Schafer 
J, Armstrong TG, Dyer P. Cog- 
nitive functioning and length of 
abstinence in polysubstance depen- 
dent men. Arch Clin Neuropsy- 
chol (2004) 19:245-58. doi:10.1016/ 
S0887-6177(03)00043-X 

16. Raes V, Lombaert G, Keymeulen 
R. De Nederlandse vertaling van 
de handleiding voor training en 
afname van EuropASI vraagge- 
sprekken, aangepast voor Belgie- 
Vlaanderen, met integratie van de 
Treatment Demand Indicator. Gent: 
De Sleutel Dienst Wetenschappelijk 
Onderzoek (2008). 

17. Patton JH, Stanford MS, Bar- 
ratt ES. Factor structure of the 
Barratt Impulsiveness Scale. / 
Clin Psychol (1995) 51:768-74. 
doi:10.1002/1097-4679(199511)51: 
6<768::AID-JCLP2270510607>3. 
O.CO;2-1 

18. Torrubia R, Avila C, Molto J, 
Caseras X. The sensitivity to pun- 
ishment and sensitivity to reward 
questionnaires (SPSRQ) as a mea- 
sure of Gray's anxiety and impul- 
sivity dimensions. Pers Individ 
Dif (2001) 31:837-62. doi:10.1016/ 
S0191-8869(00)00183-5 

19. Xiao L, Waters SMW, Denburg NL, 
Moreno GL, Hernandez M, Bechara 
A. Is there a recovery of decision- 
making function after frontal lobe 
damage? A study using alterna- 
tive versions of the Iowa Gam- 
bling Task. / Clin Exp Neuropsy- 
chol (2013) 35:518-29. doi:10.1080/ 
13803395.2013.789484 

20. De Oliveira LG, Barroso LP, Sil- 
veira CM, Sanchez ZV, Ponce JD, 



Vaz LJ, et al. Neuropsychological 
assessment of current and past 
crack cocaine users. Subst Use 
Misuse (2009) 44:1941-57. doi:10. 
3109/10826080902848897 

21. Iudicello JE, Woods SP, 
Vigil O, Scott JC, Cherner M, 
Heaton RK, et al. Longer term 
improvement in neurocognitive 
functioning and affective dis- 
tress among methamphetamine 
users who achieve stable absti- 
nence. / Clin Exp Neuropsychol 
(2010) 32:704-18. doi:10.1080/ 
13803390903512637 

22. Stevens A, Peschk I, Schwarz J. 
Implicit learning, executive func- 
tion and hedonic activity in chronic 
polydrug abusers and controls. 
Addiction (2007) 102:937-46. doi: 
10.1111/j.l360-0443.2007.01823.x 

23. Zhang XL, Shi J, Zhao LY, Sun 
LL, Wang J, Wang GB, et al. 
Effects of stress on decision- 
making deficits in formerly heroin- 
dependent patients after different 
durations of abstinence. Am / Psy- 
chiatry (2011) 168:610-6. doi:10. 
1176/appi.ajp.2010. 10040499 

24. Verdejo-Garcia A, Rivas-Perez 
C, Vilar-Lopez R, Perez-Garcia 
M. Strategic self-regulation, 
decision-making and emotion 
processing in poly-substance 
abusers in their first year of 
abstinence. Drug Alcohol Depend 
(2007) 86:139-46. doi:10.1016/j. 
drugalcdep.2006.05.024 

25. Fein G, Klein L, Finn PR, et al. 
Impairment on a simulated gam- 
bling task in long-term abstinent 
alcoholics. Alcohol Clin Exp Res 
(2004) 28:1487-92. doi:10.1097/01. 
ALC.0000141642.39065.9B 



Frontiers in Psychiatry | Addictive Disorders and Behavioral Dyscontrol 



September 2013 | Volume 4 | Article 91 | 6 



De Wilde et al. 



Decision-making changes during addiction treatment 



26. Bechara A, Damasio H. 
Decision-making and addic- 
tion (part I): impaired activa- 
tion of somatic states in sub- 
stance dependent individuals 
when pondering decisions with 
negative future consequences. 
Neuropsychology (2002) 40: 
1675-89. doi:10.1016/S0028- 
3932(02)00015-5 

27. Baarendse PJ, Vanderschuren 
LJ. Dissociable effects of 
monoamine reuptake inhibitors 
on distinct forms of impulsive 
behavior in rats. Psychophar- 
macol (2012) 219:313-26. 
doi:10.1007/s00213-011-2576-x 



28. Joos L, Goudriaan AE, 
Schmaal L, Fransen E, van den 
Brink W, Sabbe BG, et al. Effect 
of modafinil on impulsivity and 
relapse in alcohol dependent 
patients: a randomized, placebo- 
controlled trial. Eur Neuropsy- 
chopharmacol (2012) 23:948-55. 
doi: 10. 1 0 16/j.euroneuro.20 12.10. 
004 

29. Zhang XL, Wang G-B, Zhao L- 
Y, Sun L-L, Wang, J, Wu P, et 
al. Clonidine improved laboratory- 
measured decision-making perfor- 
mance in abstinent heroin addicts. 
Plos One (2012) 7:e29084. doi:10. 
1371/journal.pone.0029084 



Conflict of Interest Statement: The 

authors declare that the research was 
conducted in the absence of any com- 
mercial or financial relationships that 
could be construed as a potential con- 
flict of interest. 

Received: 13 December 2012; accepted: 08 
August 2013; published online: 03 Sep- 
tember 2013. 

Citation: De Wilde B, Bechara A, Sabbe 
B, Hulstijn W and Dom G (2013) 
Risky decision-making but not delay 
discounting improves during inpatient 
treatment of polysubstance dependent 
alcoholics. Front. Psychiatry 4:91. doi: 
10.3389/fpsyt.2013.00091 



This article was submitted to Addictive 
Disorders and Behavioral Dyscontrol, a 
section of the journal Frontiers in Psychi- 
atry. 

Copyright © 2013 De Wilde, Bechara, 
Sabbe, Hulstijn and Dom. This is an 
open-access article distributed under the 
terms of the Creative Commons Attri- 
bution License (CC BY). The use, 
distribution or reproduction in other 
forums is permitted, provided the origi- 
nal author(s) or licensor are credited and 
that the original publication in this jour- 
nal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not 
comply with these terms. 



www.frontiersin.org 



September 2013 | Volume 4 | Article 91 | 7 



